Supplementary Figure 3 | Macroscopic assessment of assemblies.
Fluorescence micrographs of (a) the thermodynamic product and (b) the kinetically trapped product of PA solutions below Ic. c, Photograph of a cuvette placed between two orthogonal polarizing filters. The cuvette contained the kinetically trapped product of PA solutions below Ic. Fluorescence micrographs of (d) the thermodynamic product and (e) a freshly dissolved solutions of PAs above Ic. All samples contained 1 µM Nile Red as a dye. f, Interfibre spacing measured from cryo-TEM micrographs of the thermodynamic product of PA solutions above Ic showing a Gaussian distribution around 32 nm.
Supplementary Figure 4 | Stability of the kinetically trapped and the thermodynamic products below Ic.
To verify the stability of the kinetically trapped and the thermodynamic product, solutions of the both products at 0.44 mM were aged at room temperature and examined for morphological transitions during this period. Light scattering and cryo-TEM did not show noticeable variations in the assembly's average sizes in either sample. CD spectroscopy showed no change in the random coil configuration of the thermodynamic product. The kinetically trapped assemblies yielded a signal typical for β-sheets that decreased over 7 days. In order to verify that the kinetically trapped product is indeed not the thermodynamically favoured assembly, the solutions of the kinetically product were annealed. By means of CD, DLS and cryo-TEM, we showed that re-annealing the kinetically trapped product resulted in short fibres with random coil internal structure that resemble the thermodynamic product. This observation also confirmed that the short fibres with random coil secondary structure were indeed thermodynamically favoured and long fibres with β-sheets were not. Representative cryo-TEM micrographs of (a) the thermodynamic and (b) kinetically trapped product of PA aged at least 7 days at room temperature. c, Scattering rate measured by DLS and (d) CD spectra of PA solutions over time for the kinetically trapped and thermodynamic products. e, Cryo-TEM micrograph of the re-annealed kinetically trapped product. f, Molar scattering intensity measured by DLS of the kinetically trapped product upon heating and cooling. Figure 5 | Energy barrier and mechanism of the transition from the kinetically trapped to the thermodynamic products of PAs below Ic. a, Alpha value for the kinetically trapped product of PA solutions at 0.44 mM incubated at elevated temperatures against time as measured by DLS. Alpha is defined as: (scattering intensity at a given time -scattering intensity of the thermodynamic product)/ (scattering intensity of the kinetically trapped -scattering intensity of the thermodynamic product), where 1 corresponds to the kinetically trapped product and 0 to the thermodynamic product. b, An Arrhenius plot of the transition from the kinetically trapped product to the thermodynamic product. The k values were obtained by fitting the DLS traces in (a) with a second-order rate equation. c, Distribution of the length of short fibres in micrographs (f and g) compared to that of the thermodynamic product. Cryo-TEM micrographs of kinetically trapped fibres incubated at 50 °C at (d) t=0, (e) t=4 and (f-g) t=15 min. The short fibres that appeared at min 15 had a similar length to that of the thermodynamic product. . b, CA products during navigation through the energy landscapes as characterized by cryo-TEM, UV/Vis spectroscopy and a photograph of a typical sample. CA is dissolved at 11.5 mM in 50 mM aqueous solution of NaCl (1) resulting in thin ribbons as evidenced by cryo-TEM, that have a crystalline organization as evidenced by UV/Vis. Upon dilution (2), the nanostructure remains similar, but the crystalline packing disappears as evidenced by the UV/Vis spectra and a change in colour of the solution. Annealing those samples (3) does not alter the UV/Vis spectra or the morphology pointing to the thermodynamically favoured state. If the fresh sample is first annealed (4), the ribbons convert to wide ribbons as evidenced by cryo-TEM, driven by the dominant interaction (π-π induced crystallization). If these wide ribbons are diluted (5), the samples do not lose their crystallinity, as evidenced by UV/Vis and an unchanged solution colour. Their wide ribbon morphology is also unaffected pointing towards a kinetically trapped state. Blue and red graphs or image frames represent short and long fibre conditions, respectively. a, Representative SEM micrographs at low magnification showing morphology of surfaces coated with short or long fibre prepared using RGDS PAs. b, Proliferation of C2C12 premyoblasts on short and long fibre coatings as quantified by a percent of EdU positive cells to total cells. Graphs plot mean ± standard error of the mean of n>3 from two separate experiments with a total of more than 200 cells per substrate. Unpaired two-tailed Student's t-test was used; *** p < 0.001. Representative snapshots from time-lapse imaging of cells on (c) short and (d) long fibre substrates 1 and 4 h after seeding on the substrates. Traces of filopodial movements during this period are overlayed. e, Representative traces of filopodial movement. f, Histogram of movement rate of filopodia calculated by tracking locations of the most extended point from the micrographs taken every 5 min. g, Illustration of the experimental AFM set-up where the substrate coated with positively charged PA fibres was probed with a negatively charged SiO2 spherical particle attached to an AFM cantilever. Representative force-displacement curves during compression (black) and retraction (grey) for (h) short and (i) long fibre substrates and (j) substrate without PA coatings.
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2) Materials
All reagents were purchased from Sigma-Aldrich and used without any further purification unless otherwise indicated. C2C12 mouse premyoblasts and Dulbecco's modified Eagle's medium (DMEM) were obtained from ATCC. Foetal bovine serum (FBS), penicillin/streptomycin (P/S), phosphate buffered saline (PBS), Modified Eagle's Medium (MEM), Hank's Balanced Salt Solution (HBSS) were ordered from Gibco® (Life Technologies). Normal goat serum, modified nucleotide 5-ethynyl-2´-deoxyuridine (EdU), 4',6-diamidino-2-phenylindole HCl (DAPI) and all Alexa Fluor® conjugated products for immunofluorescence staining were ordered from Life Technologies. Sodium alginate was from FMC Biopolymer.
Peptide synthesis and purification
All peptides were synthesized at the Peptide Synthesis Core at the Simpson Querrey Institute using standard fluoren-9-ylmethoxycarbonyl (Fmoc) solid-phase peptide synthesis on rink amide 4-methylbenzhydrylamine . Synthesized PA molecules were cleaved from the resin using a mixture of 95% trifluoroacetic acid (TFA), 2.5% water, and 2.5% triisopropylsilane (TIPS). After removing the solvent by rotary evaporation, the product was precipitated with cold diethyl ether and dried under reduced pressure. This precipitate was taken up at 10-15 mg/mL in water with 0.1% TFA to aid PA solubility. The product was purified using reversedphase high-performance liquid chromatography (HPLC, Varian Prostar 363) in a linear gradient of acetonitrile (2% to 100%) and water with 0.1% TFA. 
3) Methods: characterization of supramolecular structures
General sample preparation
All samples were prepared by dissolving PAs in Milli-Q water and sonicating the solution for 20 min to induce dissolution. All solutions were in the pH range between 6.2 and 6.4 and remained unchanged upon dilution or annealing. Annealing was performed in a thermal cycler (Mastercycler® pro, Eppendorf) set to incubate at 80°C for 30 min before cooling the samples to 20°C over the course of 1 h (1°C/min). This cooling rate was maintained as much as possible for experiments where cooling was done in situ (circular dichroism, fluorescence spectroscopy, and dynamic light scattering).
Circular Dichroism
The secondary structure of the PAs was probed using circular dichroism (CD). Samples loaded in a quartz cuvette were measured as soon as possible after preparation using a JASCO J-715 CD spectrophotometer equipped with a Peltier temperature controller. Spectra were collected at 20°C over a wavelength range of 190 -300 nm with a step size of 1 nm. A variable-temperature CD experiment was done between 20 and 80 °C with the rate of heating or cooling at 1°C/min and a spectrum collected every 10°C.
Nile Red Assay
The self-assembly of the PAs was assessed by incorporation of the hydrophobic solvatochromic probe Nile Red (9-diethylamino-5-benzo[α]phenoxazinone), which exhibits an emission blueshift upon inclusion in hydrophobic environments. Nile Red dissolved at 1 mM in ethanol was diluted 400-fold into solutions to a final concentration of 250 nM. As a result, all samples contain 0.25% ethanol, which is expected not to interfere with the self-assembly behaviour. Using a NanoLogHJ spectrofluorometer, the samples were excited at 550 nm and the spectra were recorded over a wavelength range of 580 -750 nm. Blueshifts were calculated by subtracting the emission wavelength of Nile Red in Milli-Q water from the emission wavelength of the sample. Blueshifts were plotted against concentrations to determine a critical aggregation concentration.
Cryogenic-Transmission Electron Microscopy and fibre length quantification 3.4.1 Cryo-TEM imaging
Cryogenic transmission electron microscopy was performed using a JEOL 1230 TEM fitted with a LaB6 filament working at an accelerating voltage of 100 kV. Samples were plunge frozen using a Vitrobot Mark IV (FEI) vitrification robot operating at 25 °C with 95-100% humidity. The solution (6.5 μL) was deposited on a 300 mesh copper grid with lacey carbon or QUANTIFOIL®-Holey carbon support (Electron Microscopy Sciences), blotted, and plunged into a liquid ethane reservoir cooled by liquid nitrogen. Following vitrification, the sample was transferred to a Gatan 626 cryo-holder under liquid nitrogen with the aid of a transfer stage. Images were acquired using a Gatan 831 bottom-mounted CCD camera.
Fibre length quantification
The length of fibres was measured from cryo-TEM micrographs using ImageJ software (NIH). At least six areas each with >180 fibres were analysed.
Dynamic Light Scattering
The scattering rates of the samples were determined by dynamic light scattering measurement on a Malvern Zetasizer Nano ZSP. As the objects in solutions are anisotropic and the models used by Malvern software are fitting for spherical objects, we chose not to use the diameters given by the software, but only use the scattering rates as a measure for assembly size. This rate was normalized by the concentration of the solution to yield the molar scattering rate (in Mcounts / s / M).
Molecular Dynamics Simulations 3.6.1 Construction of the initial nanofibre structure
The peptide sequence of the PA molecule in the simulation was C16V3A3K3. To construct the initial structure or seed structure of the fibre micelle, we stacked a number of layers of circular disks of PAs along the z-direction. To define one circular disk, nine PAs were radically placed on a plane (red PAs in Supplementary Fig. 11 ) with the tails pointing inward and the angle between adjacent PAs was 40°. The starting structure of the backbone of each PA is assumed to be an extended conformation. The second disk (blue PAs in Supplementary Fig. 11 ) was taken to be identical to the first but rotated by 20° relative to the first and with the distance between layers 5 Å. A total of 14 disks that alternate between the first and second structures were placed along the fibre axis to define the complete starting structure comprising 126 PAs. 
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Molecular dynamics simulations
In the MD simulations, the overall 126 PAs in the seed structure were solvated in a water box using the SOLVATE21 module24 implemented in VMD.
1 Periodic boundary conditions were used in the simulations, using a box of dimensions of 120 Å, 120 Å, and 74 Å in x, y, and z direction, respectively. This box was filled with 21412 water molecules based on the modified TIP3P potential. 2, 3 In order to mimic the experimental conditions of fibre formation at high and low ion-screening conditions, two types of the simulation systems were designed. In the first type of simulation, in addition to the solvent water molecules, an extra 252 Cl -ions were added in the water box, not only to neutralize the system, but also to mimic a high concentration (0.38 M) of counterions in the experiments. In contrast, in the second type of simulation, no extra ionic species were included in the water box, which was used to represent low ion-screening conditions. For all the simulation work, a 1000 step energy minimization was applied to the solvated system to remove high-energy contacts. The following molecular dynamics simulations were carried out using NAMD2.9. 4 A 2 ns molecular dynamics simulation at 310 K with a NPT ensemble was performed to equilibrate the system. In the production period, the system was simulated for 20 ns using the NPT ensemble and Langevin dynamics 5 at a temperature of 310 K with a damping coefficient γ = 5 ps -1 . Pressure was maintained at 1 atmosphere using the Langevin piston method 6 with a piston period of 100 fs, a damping time constant of 50 fs, and a piston temperature of 310 K. No atomic coordinates were restrained during the production period. Full electrostatics was employed using the particle-mesh Ewald method with a 1 Å grid width. 7 Non-bonded interactions were calculated using a group-based cutoff with a switching function and updated every 10 time steps. Covalent bonds involving hydrogen were held rigid using the SHAKE algorithm, 8 allowing a 2 fs time step. Atomic coordinates were saved every 10 ps for the trajectory analysis.
Scanning Electron Microscopy
Samples were fixed with 2.5% glutaraldehyde in PBS containing 1mM CaCl2 for 1 h at RT. After rinsed with PBS, the samples were then dehydrated by exposure to a graded series of water-ethanol mixture. Once in 100% ethanol, samples were dried at the critical point of CO2 using a critical point dryer (Tousimis Samdri-795) to preserve structure. Samples were then coated with 16 nm of osmium metal using an osmium plasma coater (Filgen, OPC-60A) and imaged using a Hitachi SU8030 FE-SEM secondary electron detector with an accelerating voltage of 2 keV.
Atomic Force Microscopy 3.8.1 AFM force spectroscopy
Scanasyst mode in liquid was used to investigate substrates' morphology and thickness. AFM scanning was performed using DNP B lever with spring constant k ~ 0.1 Nm -1 and tip radius R ~ 20 nm (Bruker, Inc.). The thickness of the coating was obtained by scanning the surface that were scratched by a sharp tweezer. To reduce stress during AFM mechanical measurement, SiO2 bead with a diameter of ~ 910 nm attached to a tipless silicon nitride triangular cantilever with 30 nm gold coating (Novascan Technologies, Inc.) was used for elasticity and adhesion measurements. The deflection sensitivity was calibrated by repeated contact mode indentation on a clean glass slide (VWR International, Inc.) in liquid and the spring constant of the compliant AFM cantilever was measured to be k = ~ 0.07 N m -1 by the thermal noise method. 9 The loading-unloading process was conducted at roughly 1.5 µm.s -1 during which the applied load, F, was measured as a function of the vertical actuation displacement of the piezoelectric cell, y. A maximum cantilever deflection of 20 nm was applied at each location in order to keep the indentations within the elastic range. 10 The measurements were repeated at more than 500 different positions on each sample. To obtain elastic modulus, the small deformation region of PA fibre mesh on the loading curve was fitted to the modified spherical Hertzian contact mechanical model with the consideration of sample finite thickness. 11 The adhesion force was defined by the maximum pull-off force during unloading (see Supplementary  Figure 10 ).
Zeta potential measurement of SiO2 bead
The surface charge of the SiO2 bead was investigated by a Zetasizer Nano ZS90 (Malvern Instruments, Southborough, MA). Surface potentials of SiO2 bead in PBS were approximated by the ξ potentials, which were calculated from the electrophoretic mobility based on the Smoluchowski approximation.
4) Methods: cell-based assays
Cell culture
C2C12 mouse premyoblasts were maintained in DMEM. The growth media was supplemented with 10% FBS and 1% P/S. Cells were grown in 75-mm 2 flasks at 37 °C, 5% CO2 and passaged every three days.
Cytotoxicity assays
The in vitro cytotoxicity of PAs was measured using the LIVE/DEAD ® Viability/Cytotoxicity Assay Kit and the CyQUANT ® Direct Cell Proliferation Assay Kit (Molecular Probes TM ) following the vendor's protocol. C2C12 cells in the growth media were seeded into 96-well cell-culture plate at 7-10 x 10 3 per well. After 24 h incubation, cell media were replaced with a fresh media containing PAs. PAs solutions were prepared following the general sample preparation to a final concentration of 440 µM in water. The solutions of PAs were further diluted to the desired concentrations in MEM media. Cells were either imaged immediately by time-lapse microscopy or incubated for 2-3 h prior to live-dead quantifications. Fluorescent imaging and colorimetric measurements were performed on a cell imaging multi-mode microplate reader (Cytation TM 3, BioTek). Cell viability was measured as a percent ratio of calcein positive cells over total number of cells. In the CyQUANT ® assay, fluorescent intensities which linearly correlate with amount of viable cells were normalized by the intensity of a control without any PA treatment. All assays were done in at least triplicate.
Preparation of PA-coated substrates
PA substrates were prepared using a coating method following a published protocol from our lab 12 . Briefly, a 12mm glass coverslip (Electron Microscope Science) was first coated with PDL (0.01% w/v in borate buffer) followed by a thin layer of sodium alginate. A thin layer of alginate was obtained by incubating alginate solution (0.25% w/v in water) on top of a coverslip at room temperature (RT) for 1 h after which the excess solution was removed and the remaining solution was quickly gelled with 10mM CaCl2 solution. Upon removal of CaCl2 solution, an aqueous solution of PAs was added onto the surface and incubated overnight at 37 ⁰C. Before use for cell experiments, the PA solution was removed and the surface was gently rinsed with DMEM twice.
Cell adhesion experiment
Cells were seeded at a low density of 26 cells/mm 2 to minimize cell-cell contact and either immediately used for live-cell imaging or incubated for 5 h in a growth medium prior to fixation and staining.
Cell proliferation experiment
The proliferation of cells was identified using incorporation of EdU and detection by click chemistry based fluorescence conjugation. Cells were seeded at 130 cells/mm 2 in a growth medium and incubated for 5-6 h prior to addition of EdU at a final concentration 4 µM. Cells were further incubated for 16 h after which cells were fixed and stained.
Cell fixing and staining
Cells were fixed using a 4% paraformaldehyde and 1 mM CaCl2 solution in PBS. CaCl2 at 1 mM was added to the fixing solution and all other solutions subsequently used in staining and washing steps, unless indicated, in order to prevent the disruption of the Ca 2+ cross-linked alginate layer. The cells were exposed to fixing solution for 5-10 min and then washed 3 times with PBS.
For immunostaining, fixed samples were first permeabilised with 0.1% Triton X-100 in PBS (5 min at RT), followed by blocking with 10% normal goat serum and 2% BSA in PBS (1 h at RT). Blocked samples were incubated with anti-vinculin antibody (1:200 dilution) in blocking solution overnight at 4 o C. The primary antibody was detected with Alexa Fluor® goat anti-mouse secondary antibody (1:1000 dilution, 1 h at RT). Cells were subsequently stained with AlexaFluor® phalloidin (1:200 dilution, 1 h at RT) and DAPI (1:1000 dilution, 30 min at RT) to visualize actin filaments and nuclei, respectively.
For EdU staining, fixed samples were incubated for 10 min with 0.4% triton X-100 and washed 3 times with PBS. Calcium interferes with click chemistry, therefore samples were rinsed with calcium-free PBS before incubated with a detection solution consisting of 2 M Tris (pH 8.5), 50 mM CuSO4, 0.5 M ascorbic acid, and 1 µg/mL Alexa Fluor® azide. Finally, cell nuclei were counterstained with DAPI.
Cell imaging and analysis
Live cell imaging was performed using BioStation IM-Q (Nikon). Filopodial movement was tracked using an ImageJ plugin MTrackJ. 13 Fluorescence images were obtained using an inverted confocal laser scanning microscope (Nikon A1R) or TissueGnostics cell imaging and analysis system mounted to an upright microscope (Zeiss). Quantification of the cell morphology and proliferation was done on phalloidin and EdU stained fluorescent images. Acquired images were thresholded and analysed using routines incorporating a build-in 'particle analysis' function in ImageJ software. Projected cell surface area was defined by the phalloidin positive pixels occupied by a cell. A ratio of proliferating cells was obtained by counting EdU positive cells against all nuclei. Quantification was performed on images obtained from two independent experiments with at least 200 randomly selected cells per substrate.
Statistical Analysis
Cell cytotoxicity data was analysed using a two-way ANOVA with a Bonferroni post-test. Other comparisons were analysed using unpaired two-tailed Student's t-test. Graphs plot mean ± SEM. ** p < 0.01; *** p < 0.001.
5) Free energy calculations
In a solution of surfactants forming worm-like micelles the concentration of micelles of length L, C(L), decays exponentially as exp (-L/Lo) where Lo is the mean length of the worm-like micelle, which is given by Lo ≈ φ ½ exp (E/KBT) where E is the scission energy or energy required to form two ends and KBT is the thermal energy and the surfactant concentration is φ = ∑LLC(L).
14 Electrostatic effects in the above model give the same scaling C(L) ∝ exp (-L/Lo) but with a slow growth in the mean Lo as a function of surfactant concentration in the dilute surfactant concentration regime. 15, 16, 17 In a solution of peptide amphiphiles (PAs), the scission energy E is high (basically infinite) giving essentially infinitely long fibres. This scenario is expected only when the concentration of salt is high so that the electrostatic interactions among the aggregates PAs into fibres are screened out. When the concentration of salt decreases, the mean length of the fibres in dilute PA solutions is expected to become finite due to the competition between the scission energy gain on increasing the fibre length and the electrostatic energy penalty resulting from fibre growth. The latter, however, can be compensated by ion condensation in strongly charged PA fibres. The process resembles the formation of finite size aggregates or bundles in rigid polyelectrolytes, such as dsDNA in the presence of multivalent counterions, where entropy and hard-core interactions favour finite size aggregates at low salt concentrations 18 ,19 and the polydispersity of a bundle decreases as the bare linear charge density of the rod polyelectrolyte increases. 20 Here we construct the free energy of the PAs fibres at low and high salt concentrations. Let us consider for simplicity the energy of a monodisperse solution of charged fibres of size L at low salt concentration. This assumption is not unrealistic since in this regime the fibres are strongly correlated. In fact, in the salt-free case they are infinitely correlated with one fibre per Wigner-Seitz cell of volume LR 2 =1/C(L), which suggests that indeed all the fibres should have the same length in salt-free solution. Unfortunately, the Wigner-Seitz cell, though embedded in three dimensions, does not have spherical symmetry (or cylindrical symmetry when L is finite), making numerical solutions of this problem cumbersome. Alternatively, we extend here the two-state model for finite rods 21 to PA fibres. We consider the fibre as a rod-like polyelectrolyte with N charges of valence z. The concentration of fibre of size L is C(L)= φ b/L, where φ is the concentration of PAs and b is the distance between two neighbouring charged groups along the fibre projected to a line (that is, 1/b is the bare fibre linear charge density) such that N=L/b. We note that b is very small since there are many PA in a cross sectional area of the fibre (~ 9 PAs) where each PA head group on the fibre surface occupies approximately 5 Å each with valence z so b~0.55/z Å. The strength of their electrostatic potential is proportional to lB/b, where lB is the Bjerrum length in water is 7.14 Å at room temperature, and lB/b = 13z >>1. This corroborates that the fibres are indeed highly charged and their charge should be reduced by condensed ions. Inevitably, b is a function of the salt concentration since at low salt the PA fibre charge cannot be fully compensated by condensed counterions at a finite temperature due to entropic effects, and the degree of ionization of the PA in the fibres is less than their maximum value 3+ giving instead a reduced value of z (titration studies give z=2 at the working pH values). Let us assume for simplicity that z=1 and that the added monovalent salt at concentration s has the same anions as the original counterions of the PAs. In the two-state model the effective charge per PA in the fibre, zeff , is reduced by (1-fc) , where fc is the fraction of PAs in the fibres with condensed counterions. The total concentration of anions is s+φ, and the concentration of monovalent cations is s. The inverse Debye length κ is given by , since only the free counterions and the salt ions contribute to screening.
We obtain fc by minimizing the total free energy of the PA solution in units of KBT which is given by .
The internal free energy per volume V is given by where G(x)=1-(n+1)x n + nx n+1 and in the salt-free limit . The energy in both high and low salt limits 22 , when the self-energy (case κ =0 in Eq. 3.b) is included, is given by , (3.c)
where zeff, as mentioned above, is the effective valence per PA, which is given by z(1-fc), γ=0.5772… is Euler's constant and Γ(a,x) is the incomplete gamma function. In the limit κL >>1, the electrostatic energy reduces to . ( 
3.d)
The energy gain due to the assembly of PAs into fibres including the hydrophobic collapse and the β-sheet hydrogen bonds is ,
where, as stated above and found by the full atom simulations, β is an effective gain in energy due to attractive interactions (hydrogen bonds between amino acids and hydrophobic collapse of alkyl tails) per aggregated PA molecule and is a function of the salt concentration. In a low ionic strength condition, a fraction of ions condensed is low and the PAs do not form β-sheets, thereby β is lower than that of the high ionic strength condition. A possible way to account for the decrease in energy per PA in the fibre when the fraction of the condensed anions increases is by including a contribution -gBo rcN in Eq. 4. However, this energy gain is only significant when the size of the anions is sufficiently small so the anions are localized forming ion complexes with the PAs head groups, which is not the case studied here. Instead, the condensed ions have a translational energy given by ,
which is relevant at low salt concentrations when the ions are confined to a region around the fibre of width lB or to a volume ν 
